Based on our previous researches, wireless piezoelectric micro robots integrated with the Arduino control module have been presented. The construction of the robot is included with the frame body, the piezoelectric beams, the miniaturized voltage amplifierpiezo driver, the Bluetooth module, the micro sensor and the Arduino controller (Arduino nano or Rfduion-Simblee). The volume of the robots can be shrunk into a size of several dozen cubic centimeters. In contrast to general mobile micro robots, the actuating mechanism of the robot is piezoelectric bimorph beam(s) and the driving principle is the traveling-wave as drive source to actuate the robot. The robots can move back and forth and rotates counter clockwise or clockwise, respectively. They can be wirelessly controlled by the Bluetooth module of HC06 or Rfduino-Simblee. For further application, the robots can be integrated with micro sensors to interact with the environment parameters. In this paper the HC-SR04 ultrasonic sensor and photo sensitive resistor are used for demonstration.
Introduction
Micro robots are attractive to great applications. Many kinds of micro robots have been designed and a wide variety of mechanisms have been investigated for miniaturized robotic locomotion [1] . Different actuators have been adopted for micro robots, such as electromagnetic, pneumatic, electrostatic, shape-memory alloy and piezoelectric actuators. Recently, the piezo-based vibromotor technique with traveling-wave or standing-wave as drive source to actuate the robots has been proposed [2] [3] [4] [5] [6] [7] [8] [9] . Over the years Arduino [10] has been the brain of thousands of projects, from everyday objects to complex scientific instruments. Arduino is an open-source electronics platform based on easy-to-use hardware and software. Because it is so flexible and open source, Arduino is the best solution if we are interested in creating interactive objects or environments. Therefore, in this paper, based on our previous researches [8, 9] , wireless piezoelectric micro robots integrated with the Arduino controller module have been presented. The construction of the robot is included with the frame body, the PZT piezoelectric beams, the miniaturized voltage amplifier-piezo driver, the HC06 Bluetooth module, the micro sensors (HC-SR04 ultrasonic sensor and photo sensitive resistor) and the Arduino controller (Arduino nano or Rfduion-Simblee). The volume of the robot can be shrunk into a size of several dozen cubic centimeters. In contrast to general mobile micro robots, the actuating mechanism of the robot is piezoelectric bimorph beam(s) and the driving principle is the traveling-wave as drive source to actuate the robots. The robots can move back and forth and rotates counterclockwise or clockwise, respectively. They can be wirelessly controlled by the Bluetooth module of HC06 or Rfduino-Simblee. For further application, the robots can be integrated with micro sensors such as the HC-SR04 ultrasonic sensor and the photo sensitive resistor to be interactive with environment. Figure 1 illustrates the schematic diagram of the construction and operation principle for the mobile piezoelectric micro robot [8, 9] . The driving principle is the piezo-based traveling-wave method, which applies pulse voltage to excite piezoelectric bimorph beams, and the vibration of the beams causes the frame body to generate surface waves (travelingwave) on the bottom plate of the frame body. When a traveling wave propagates through the surface of the bottom plate, each material point on the surface of the bottom plate describes an elliptic motion. If the bottom plate of frame body is placed in contact with the ground, these material points successively enter in contact with the ground and transfer to it, by friction, the mobile micro robot placed on the ground can be moved by the waves. Figure 2 shows four phases of the operations for the robot in motion: the synchronized vibration of the two beams makes the robot move back and forth by adjusting the input pulse signals (frequency) to the piezo-beams, and if only one of beams vibrating, the robot rotates counter clockwise or clockwise, respectively. Figure 3 shows the micro robots: wired or wireless, presented by our previous researches [8, 9] . The wireless robot is controlled by Infrared remote control made by ourselves but without integrated with any Arduino controller or Bluetooth module or sensor. The phases of the operation for moving the micro robot [8, 9] . Fig. 3 : The wired and wireless piezoelectric micro robots without integrated with Arduino controller module in our previous papers [8, 9] . Figure 4 shows the traditional equipments available in a Lab. for driving the piezoelectric actuators, including the function generator, oscilloscope, power supply, and high voltage amplifier-piezo driver and modulator. However, in (excitatio (tra ICMIE 116-3 order to realize the wireless piezoelectric micro robots, the miniaturized piezo-driver must be developed. Two miniaturized piezo-drivers are used in the paper. One is made by ourselves, as shown in Fig. 5 , and Figure 5 (b) shows the square diagram of the piezo-driver. The size of the micro piezo driver is about 40x50 mm and weight 35 g.The other miniaturized piezodriver PDu100 shown in Fig. 6 is purchased from the company PiezoDrive [11] . The PDu100 is the industry's smallest and lightest piezoelectric actuator driver. The size of the micro piezo driver is 12x10 mm and weight 0.5 g.
Construction and Operation Principle of the Piezoelectric Micro Robot

Miniaturized Piezo-Drivers for Driving Piezoelectric Beams
The piezo-drivers convert a DC input voltage(3~5.5V for PDu100; 5~12V for our made piezo-driver) to an AC output voltage for driving low frequency piezo-beams of the micro robots. Optimum tuning of the voltage and frequency is accomplished by observing the moving conditions of the robots during operation. Output frequency of the piezo-drivers are manually adjusted by turning the resistance on the NE555, as shown in the Fig. 7 , and the product description of the NE555 is described as follow: Figure 9 shows the Simblee, which is designed and developed by Rfduino, a company focused on creating wireless devices that can be programmed with the Arduino IDE. The Simblee is a BLE module that contains both a BLE radio and a 32-bit ARM Cortex M0 processor with 128 KB of flash memory, 24KB of RAM, and operates at 16 MHZ. The RFduino-Simblee is burned by the RFD22121 USB port (Fig, 9(b) ). It can be removed after burning. Provide 3.3V regulator supply to Rfduino. The description of the product as follow:
Rfduino-Simblee
• 
HC06 Bluetooth Module
The HC-06 Bluetooth module (Fig. 10) is a slave Bluetooth module designed for wireless serial communication. It is a slave module meaning that it can receive serial data when serial data is sent out from a master Bluetooth device (device able to send serial data through the air: smart phones, PC).When the module receives wireless data, it is sent out through the serial interface exactly at it is received. No source code specific to the Bluetooth module is needed at all in the Arduino chip. An app on the phone is used to send out inputs to the module which receives and then transfers this to the Arduino. The Arduino and actuators in turn responds accordingly, as specified in the source code. When the module is not in a paired state, the LED on the module blinks rapidly whereas when paired with the app on the phone, the LED on the module is a steady red. 
Sensor-Photosensitive Resistor
Photosensitive resistors (Fig. 11 ) are also called light pipes. The commonly used materials are cadmium sulfide, and there are also materials such as selenium, aluminum sulfide, lead sulfide and barium sulfide. These materials have the property that their resistance rapidly decreases under the illumination of light of a specific wavelength. In this paper, Keyes K853518 Photosensitive Sensor for Arduino is used. Power should be 3V -5.5V DC power supply. The output is analog. Dimensions: 1.14 in x 0.87 in x 0.39 in Fig. 11 : Photosensitive resistors.
Sensor-Ultrasonic Sensor HC-SR04
The HC-SR04 ultrasonic sensor (Fig. 12 ) uses sonar to determine distance to an object like bats do. It offers excellent non-contact range detection with high accuracy and stable readings in an easy-to-use package. From 2cm to 400 cm or 1" to 13 feet, Its operation is not affected by sunlight or black material like sharp rangefinders are (although acoustically soft materials like cloth can be difficult to detect). It comes complete with ultrasonic transmitter and receiver module. The description of the product as follow: 
Assembly and Test of the Micro Robots
In this section, assembly and study on the performances of the micro robots experimentally is presented. The influences of driving voltage and driving frequency on the speed of the robots are investigated. The speed is measured by timer and ruler. According to previous researches [8, 9] , the material, the geometry of the frame body and the gap distance between two piezoelectric beams are significant to affect the performance of the robot. In addition, different ground surfaces (material, roughness or hardness) affect the speed of the robot. For demonstrations, the frame bodies of the micro robots are made of 3D printing PLA materials. The geometry of the frame body and the gap distance between two piezoelectric beams are shown in Fig. 13 . The volumes are about 50~100cm 3 and the weights are tens to hundreds of grams (including all the components of the robot). Figure 14 shows the one piezo-beam micro robot integrated with, Arduino nano, self-made miniaturized Piezo-driver, HC06 Bluetooth and HC-SR04 ultrasonic sensor, and Figure 15 shows the schematic (block) diagram of Arduino nano integrated with mechatronic components. The Arduino nano is the central processing unit of the micro robot. A total of 9 pins were used to connect the battery (Vin pin), relay(D12 pin), sensors(D8, 9) and Bluetooth(D2,3). In this case, two batteries needed to supply the powers for the Arduino nano and the piezo-driver (micro robot). Since Arduino nano only outputs 3.3~5V(3V3 pin, +5V pin), extra battery to provide larger voltage (> 5V) for the piezo-driver is used. The software code for this robot has been divided into two operation modes: autonomous mode and remote control mode. Two modes can be switched by using the Bluetooth app. The functionalities were set and adjusted using Arduino IDE. In remote control mode, the robot is controlled by using the Bluetooth app of the smart phone to send commands to the Arduino. In the autonomous mode, the ultrasonic sensor will take over robot throughout its journey. Figure 16 shows the micro piezoelectric robots (one or two piezo-beams) integrated with Rduino-Simblee, PDu100 Micro Piezo Driver and Photosensitive resistor. In this case only one operation modes: remote control mode. Remote control is operated through the Simblee Bluetooth by using i-phone Simblee app only. The Photosensitive resistor will take over robot throughout its journey to stop or to move according the illumination. Experimental tests of the micro robots with different driving frequencies are performed. Tuning of the frequency is accomplished by observing the moving conditions of the robots during operation. Output frequency of the piezo-driver is manually adjusted by turning the resistance on the NE555. The robots are operated on a smooth glass substrate. According to the results, it is found that the driving frequency affect the speed (magnitude and direction) of the robots sensitively and significantly, even change the moving direction of the robot. This is due to the generated travelling wave changes wave propagation direction according to the different driving frequencies. Improper driving frequencies may make the speed slow down sharply, even zero speed, due to no generation of a traveling wave on the bottom plate of the frame body. Therefore, modulating the frequency for optimal driving frequency is very important to give the better travelling wave performance and to obtain the higher speed. By the way, if we can control the driving frequencies properly, we can drive the robot to move back and forth and to rotate counter clockwise or clockwise, respectively. According to experimental results, it is found that a larger voltage will produce higher speed for the robot.
Conclusion
